Background Visceral fat is related to coronary atherosclerosis, but little is known about the relation between coronary atherosclerosis and percent body fat accumulated in different parts of the body.
Methods and Results
The subjects were 100 consecutive patients with demonstrated electrocardiographic ischemic changes. Coronary atherosclerosis was assessed using Gensini's coronary score (CS), and for body fat distribution dual energy X-ray absorptiometry was used. The parameters measured were serum lipid concentrations, body weight, body mass index, percent total fat, trunk fat percent, arm fat percent and leg fat percent. Trunk fat percent correlated significantly with CS (p<0.01), and concentrations of low-density lipoprotein cholesterol (LDL-C) (p<0.01) and very low-density lipoprotein cholesterol (VLDL-C) (p<0.05) in men and women. Leg fat percent correlated negatively with CS in both men and women (p<0.01 for each). Concentrations of both LDL-C and VLDL-C correlated positively with CS in both men and women (p<0.01). Conclusion There is a difference between the effect of body fat in the legs and the trunk that suggests leg fat has an anti-atherosclerotic effect and a negative correlation with CS, and conversely, that trunk fat has a proatherosclerotic effect and correlates positively with CS. ( 
Methods

Subjects
The subjects were 100 consecutive Japanese patients (50 men, 50 women) who had electrocardiographic ischemic changes and/or angina symptoms between February 1, 1992 and July 31, 1994 (Table 1) . Twenty-one of the women were pre-menopausal. Patients who had any of the following items were excluded from the study: (1) history of coronary angioplasty or coronary artery bypass grafting or history of acute myocardial infarction within 1 month of the present study; (2) history or present manifestation of cardiac decompensation, systemic edema, or cardiogenic shock; (3) secondary symptomatic obesity; or (4) use of any drug known to affect lipid metabolism within 1 month of the study.
Fat Distribution
Regional body fat distribution was evaluated using DEXA (QDR-1000/W X-ray bone densitometer, Hologic Co, USA), with differentiation of bone mineral mass, fat tissue mass, and lean body mass. This was performed as close to coronary arteriography as possible (within days). The scanned body image was divided into 4 areas: head, upper limbs, trunk, and lower limbs. As shown in Fig 1, the lines of demarcation for these parts were a horizontal line crossing underneath the chin, right and left tangential lines passing through both of the glenoid fossae, and right and left tangential lines passing through the necks of the right and left femurs.
The following indices were evaluated: total fat percent (total fat mass/body mass), and percent fat (regional fat mass/total fat mass) for the trunk, arm and leg fat mass, respectively (trunk fat percent (TF%), arm fat percent (AF%) and leg fat percent (LF%)).
Evaluation of Coronary Atherosclerosis
Cardiac catheterization (including coronary arteriography) was performed using Judkins' method or via the percutaneous right bronchial approach within 1 week of the DEXA examination. Coronary angiography findings were evaluated by 2 cardiologists who were unaware of the results of the DEXA study. Coronary scores (CS) were calculated in all subjects using Gensini's method. 16, 17 The cineangiographic appearance of coronary stenotic lesions was classified according to the American Heart Association classification. Reduction of the lumen diameter by 25, 50, 75, 90, 99 and 100% was assigned a CS of 1, 2, 4, 8, 16, and 32, respectively. CAD with a significant coronary stenotic lesion or lesions (stenosis ≥50%) in 1 of the 3 major coronary arteries was defined as 1-vessel disease (VD), coronary lesions in 2 of the 3 major arteries as 2-VD, and lesions in all 3 major coronary arteries as 3-VD. Patients with no significant coronary stenotic lesion in any of the 3 major arteries were deemed not to have vessel disease (O-VD).
Measurement of Serum Glucose, Insulin and Lipids
Blood samples for determination of plasma lipids including total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein cholesterol (VLDL-C), lipoproteins (Lp), lipoprotein (a) (Lp(a)), plasma glucose, and immunoreactive insulin (IRI) were obtained in the morning following a 12-h overnight fast within 3 days prior to cardiac catheterization. Serum Lp(a) was measured by an enzyme-linked immunosorbent assay method (TintEliza Lp (a); Biopool, Sweden). Body weight (BW) and body mass index (BMI) were also assessed at the time of blood sampling. An oral 75-g glucose tolerance test was performed in all patients for determination of glucose and IRI concentrations at baseline and 30, 60, 90, and 120 min, as well as their sum.
Informed consent was obtained from each patient before commencement of the study and the study protocol was approved by the Ethics Committee of Oita Medical University.
Statistical Analysis
The association of regional fat deposition and each serum biochemical index with the CS was evaluated by calculating the correlation coefficients. Interactions between variables were tested using Spearman's correlation coefficients. Other statistical analyses were performed using non-parametric tests. All data are expressed as mean ± standard deviation (SD), and p<0.05 was considered to be significant. 
Results
Analysis of Coronary Atherosclerosis
There were no significant gender differences for any of the anthropometric parameters with the exception of the frequency of smoking, which was greater in men (p<0.01). Forty-one patients had 0-VD, 29 1-VD, 11 2-VD, and 19 3-VD. There were 64 patients with a CS of less than 10, 34 with CS between 10 and 19, and 2 with CS of ≥20.
The correlation coefficients for the relationship between CS and the various types of serum lipids are shown in Table 2 . In both men and women, LDL-C and VLDL-C correlated significantly with CS, but there was no relationship between CS and TC, TG, HDL-C, or Lp(a).
Analysis of Body Fat Deposition
There was a significant correlation between total fat percent and BW (r=0.51 in men, r=0.83 in women, p<0.01). Female patients had a higher total fat percent than males (r=0.61, p<0.01). BMI also correlated with total fat percent in both men (r=0.61, p<0.01) and women (r=0.31, p<0.05). However, neither BW nor BMI had a significant correlation with CS.
The relationships between CS and the total, trunk, arm, and leg fat percentages are shown in Fig 2. The CS in women, but not men, correlated positively with total fat percent (p<0.01; Fig 2a) . Trunk fat percent correlated with CS in both males and females (p<0.01; Fig 2b) , but AF% did not correlate with CS in either sex (Fig 2c) . Leg fat percent correlated negatively with CS in both men and women (both, p<0.01; Fig 2d) .
Trunk fat percent correlated with TC (Fig 3a) and TG (Fig 3b) (both, p<0.01) in men only. Although LF% correlated negatively with both TC (Fig 3c) and TG (Fig 3d) in men, it did not correlate with either in women. Arm and total fat percents did not correlate with serum lipids (data not shown).
In men, LF% correlated negatively (p<0.01) with LDL-C and VLDL-C, but did not correlate with HDL-C (Fig 4) . 
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Trunk fat percent correlated with LDL-C and VLDL-C (both p<0.01), but showed no correlation with HDL-C in either sex. Table 3 shows the relationship of CS to body fat distribution and fasting plasma glucose (FPG), fasting IRI and Lp(a) levels. In men, the LF% correlated negatively and significantly (p<0.01) with fasting IRI and Lp(a) concentrations, whereas TF% correlated positively with FPG, fasting IRI and Lp(a) (all p<0.05). However, in women neither leg nor TF% correlated with serum lipid concentrations, FPG, fasting IRI, or Lp(a).
Discussion
The most important finding of the present study is the significant negative correlation between LF% and CS in both men and women. Furthermore, LF% correlated negatively and significantly with LDL-C and VLDL-C in both sexes, and was negatively associated with TC, TG, IRI and Lp(a) in men. There was no significant correlation with HDL-C in either sex. The mechanisms underlying this negative association of leg fat with CS and serum lipids remain to be elucidated.
Casassus et al in their prospective study described the iliac to left thigh circumference ratio (ITR) as a good marker of body fat distribution and their data on male employees of the Paris Police Department revealed that ITR was significantly higher in employees who, at the end of the follow-up period, had died of CAD compared with those who had died of another cause or were still alive. 11 Furthermore, ITR was an independent predictor of CAD death identified by multivariate stepwise logistic regression. 11 Terry et al 12 also reported that the waist to thigh girth ratio (WTR) measured by dual-photon absorptiometry correlated positively with TG concentration and negatively with HDL-C level in women, with a similar though weaker relationships in men. Their multivariate analysis suggested that the association of WTR with the concentrations of Lp known to carry risk of CAD was related as much to the effects of thigh girth as to deleterious effects of waist girth. They concluded that estimates of fat mass in the thigh and abdominal regions by dual-photon absorptiometry suggest that thigh fat contributes to the aforementioned effects of thigh girth. Tatsukawa et al 18 reported that a powerful and negative correlation was evident particularly in females, between leg fat deposition and parameters of glucose and lipid metabolites. Although coronary arteriography was not evaluated in either of their studies, their results lend support to our concept that thigh circumference or thigh fat appears to exert a preventive effect on coronary atherosclerosis.
A recent review of the cellular function of adipocytes indicated that the characteristics of these cells in the visceral region might differ from those in the femoral or gluteo-femoral regions. 19 Visceral adipocytes have a more rapid turn-over rate of TG compared with those in other regions of the body, when assessed following oral adminis- tration of TG labeled with oleic acid. Measurements in men revealed lipid uptake in the following order; omental = retroperitoneal > subcutaneous abdominal > subcutaneous femoral adipose tissue. [19] [20] [21] [22] Tan et al 23 reported that gluteal adipose tissue is a metabolically inert depot with very low blood flow and very low rate of fatty acid release. In their study, the rate of action of hormone-sensitive lipase (HSL) was 87% lower in gluteal adipose tissue than in abdominal adipose tissue. Paradoxically, the HSL mRNA content was 37% higher in gluteal In pre-menopausal women, the TG turnover rate is higher in subcutaneous abdominal adipose tissue than in the femoral adipose tissue. Menopause seems to diminish this difference and estrogen replacement therapy restores it, suggesting a possible contribution from this sex steroid hormone. 19 Therefore, the characteristics of the adipocytes in the trunk and leg, and in men and women, are likely to be different and it is these potential differences that may contribute to the differential effects of regional fat on coronary atherosclerosis.
In the present study, 21 of the 50 female patients were pre-menopausal, and 29 were post-menopausal. Because women at these 2 life stages seem to differ in lipid metabolism and the concentration of sex steroid hormones, the heterogeneity of the sample in the present study might have contributed to the failure to identify a significant relationship between either trunk or leg fat percent and TC or TG in women. 19 We found that the serum Lp(a) concentration correlated positively with TF% and negatively with LF% and to our knowledge, this is the first study to document such a relationship. These results are concordant with the known atherogenic role of Lp(a) 24, 25 and its role in coronary atherosclerosis is also interesting and certainly merits further study.
According to our analysis, TF% correlated with CS in both men and women, and that finding is consistent with the results of previous studies regarding the atherosclerotic effect of visceral fat, which might itself be related to TF%. Furthermore, in men, TF% correlated significantly with TC, VLDL-C, LDL-C, TG, FPG, and fasting IRI concentrations, but not HDL-C. In women, both trunk and total fat percent correlated with CS. Trunk fat percent also correlated with serum LDL-C and VLDL-C concentrations. However, there was no relationship in women between TF% and TC, TG, FPG, or IRI concentrations. Further studies are necessary to clarify the relationship between LF% and CS in both men and women.
The Japan Society for the Study of Obesity reported that it was reasonable to establish a cut-off point of visceral fat area at 100 cm 2 as indicative of the risk of obesity-related disorders. 26 Coronary arterial findings and the significance of leg fat accumulation were not evaluated and therefore the results of our investigation play an important role in clarifying the clinical implication of regional fat deposition.
